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P R O V I D I N G  A LAKE MICHIGAN FERRY S E R V I C E  
EXECUTIVE SUMMARY 
I. INTRODUCTION. 
T h i s  s tudy  was sponsored by t h e  Mich igan T r a n s p o r t a t i o n  Research Program 
(MTRP), a  consor t i u ln  o f  academic and business resources i n  M ich igan  organ- 
i z e d  t o  a s s i s t  t h e  S t a t e  Government i n  f o r m u l a t i o n  o f  t r a n s p o r t a t i o n  
research,  development and demonst ra t ion  programs. 
For seva ra l  yea rs ,  t h e  r a i l r o a d s  o p e r a t i n g  r a i l  c a r  f e r r i e s  across  Lake 
Mich igan have been exper ienc ing  c o n t i n u i n g  d e c l i n e s  i n  t h e i r  r a i l  c a r  
t r a n s i t  movements. The r a i l r o a d s  have each i n d i v i d u a l l y  p e t i t i o n e d  t h e  
r e g u l a t o r y  a u t h o r i t i e s  t o  a1 low abandonment o f  t h e i r  f e r r y  s e r v i c e ,  c l a i m -  
i n g  t h a t  t h e  o p e r a t i o n s  a r e  l o s i n g  money, and a r e  no l o n g e r  needed. The 
S t a t e ,  f o r  i t s  p a r t ,  has r e s i s t e d  t h e  demands c ' l a im ing  t h a t  removal o f  
t h e  s e r v i c e  would cause severe economic damage t o  t h e  area.  
Recent s t u d i e s  by t h e  Mich igan Department o f  S t a t e  Highways and Transpor ta-  
t i o n  (MDSH&T) recommended t h a t  t h e  S t a t e  p rese rve  a l l  o f  t h e  r a i l  c a r  f e r r i e s  
except  one ( t h e  Grand Trunk and wes te rn )  .' Such p r e s e r v a t i o n  would r e q u i r e  
s i g n i f i c a n t  s t a t e  f i n a n c i a l  s u p p o r t .  
The Quadrant  Commi t t e e  o f  t h e  M ich igan  L e g i s l a t u r e  recommended t o  t h e  MTRP 
*.  - t h a t  a  p r e l i m i n a r y  s tudy  be conducted t h a t  wou ld  e v a l u a t e  a l t e r n a t i v e  de- 
s igns  o f  sh ips  t h a t  c o u l d  be u t i l i z e d  i n  m a i n t a i n i n g  t h e  f e r r y  s e r v i c e .  
The paper would deal  w i t h  t h e  c o s t ,  r e 1  i a b i l  i t y ,  and t r a v e l  t i m e  c h a r a c t e r -  
i s t i c s  o f  t h e  a l t e r n a t i v e s .  The r e s u l t s  wou ld  be used t o  f u r t h e r  expand 
t h e  L e g i s l a t u r e ' s  knowledge o f  a l l  a v a i l a b l e  o p t i o n s  as i t  makes i t s  d e c i -  
' 
s i o n  on t h e  f u t u r e  o f  t h e  Lake M ich igan  c a r  f e r r i e s .  
1. Lake Michigan and Mackinac S t r a i t s  Car F e r r y  S e r v i c e s ,  Task 4, Agreement 
No. 75-1063. Mich igan Department o f  S t a t e  Highways and T r a n s p o r t a t i o n .  
1975. 
An early planning decision was that  an examination of a1 ternative ship de- 
signs would require t h a t  the evaluations be performed on the basis of 





truck-trai lers  
passenger-auto 
Attributes Most Important 
cos t ,  f l ex ib i l i t y  
cost , frequency , re1 i a bi 1 i ty  
cos t ,  re1 iabi l  i t y ,  schedule 
frequency, speed, schedule 
I I .  STUDY ASSUMPTIONS. 
- A ser ies  of assumptions were made concerning the environment in which the 
f e r r i e s  would operate. These assurnpti ons pertained t o :  (1 ) t r a f f i c  vol- 
umes, seasonabil i t y ,  and d i rect ion;  ( 2 )  vehicle dimensions and weights; 
( 3 )  routes, including t r i p  distances,  e tc .  ; ( 4 )  annual and dai ly  operating 
p rof i l e s ;  and ( 5 )  fin$&al considerations. 
A .  Traffic Volumes, Seasonabi 1 i t v  and Direction. 
A recent study by the Wisconsin-Michigan Bi-State Task Force estimated a 
market of one mill ion passengers and  300,000 vehicles per year .  Those 
estimates were used in th i s  study. Additionally, i t  was estimated t h a t  
30,000 trucks per year would also u t i l i z e  the "convertible" ships ,  i .e .  , 
vessels designed t o  accommodate passengers, automobi 1 es , and  trucks.  
On vessels t h a t  were designed for  a truck-oriented service ,  the estimated 
annual t r a f f i c  vol ume was placed a t  50-100,000 passengers and 50,000 trucks. 
Rail t r a f f i c  was estimated a t  45,000 carslyear,  which i s  about equal t o  the 
to ta l  movements in 1973 over the C & 0 and Ann Arbor routes.  
Re1 iable forecasts of the t r a f f i c  seasonal variat ions were not avai lable ;  
therefore,  the vessels were evaluated on the basis of t h e i r  capab i l i t i e s  
fo r  hand1 ing seasonal f luctuations.  The degree of seasonal capacity in- 
crease potential was represented by the r a t i o  of maximum daily capacity t o  
the assumed average dai ly vol ume. 
,. . 
I t  was assumed that  flows would be equal in each di rect ion.  
B. Vehicle Dimensions and Weights. 
The following weights and dimensions were used: 
r a i l  c a r :  coup led  l e n g t h  60 f t .  ( a v g . )  
r e q ' d  w i d t h  12 f t. (max.) 
overhead 20 f t . (max.) 
g ross  we igh t  224,000 # (max. ) 
automobi les.:  w e i g h t  3500' (avg . )  
l a n e  w i d t h  10 ft. 
l a n e  l e n g t h  18 f t .  
overhead c l ea rance  8 f t .  
t r u c k s :  w e i g h t  # 55,000 (avg.  ) 
l a n e  w i d t h  12 ft. 
l a n e  l e n g t h  55  f t .  
overhead c l ea rance  15 f t .  
passengers : we igh t  ( i n c l  . luggage)  240 # 
enc losed  deck a rea  
r e q  ' d  25 f t .2 ( p e r  person)  
e x t e r i o r  deck a rea  
r e q ' d  25 f t .2 ( p e r  pe r son )  
c l e a r  h e i g h t  7 .5  ft. 
C. Routes. 
The p r i n c i p a l  r o u t e  cons i de red  i n  t h e  d e s i g n  and economic a n a l y s i s  had t h e  
f o l l o w i n g  c h a r a c t e r i s t i c s :  
one way d i s t a n c e  ( en t r ance - t o -en t r ance )  60 s t a t  m i l e s  
ha rbo r  t r a n s i t  and maneuver ing d e l a y  , 
p e r  c a l l  20 m inu tes  
maximum vesse l  1 eng th  
maximum d r a f t  
450 f e e t  
18 f e e t  
The above routes correspond to  e i the r  Ludi ngton-Mani towoc or  Frankfort- 
Kewaunee. 
D.  Operating Profi l e .  
For normal operations, a 12-18 hour per day schedule was envisioned. For 
the displacement vessels ,  th i s  corresponds to  two round-trips per day on 
the 60 s t a t  mile route. For the high-speed, a i r  cushion vehicles,  there 
were four round t r i p s  per day assumed. 
A1 1 schedules assumed one-hour-turnaround time per ca l l  , including approx- 
imately 20 minutes for  harbor t r an s i t  a n d  reduced speed, maneuvering, 
docking and undocking. I t  i s  obvious that  the requirement of a quick turn- 
around for  a large number of vehicles can be met only'by simultaneous loading 
and unloading, with the passengers doing t he i r  own driving.  
The vessels were assumed t o  operate on t he i r  normal schedules year round. 
For a l l  vessels ,  a preliminary estimate of 345 working days per year has 
been made. Of the remainder, 10 days were s e t  aside fo r  layup, and 10 
days for  weather and ice .  
E .  Financial Assumptions. 
The annual cost of capital  recovery was based on the following: 
capital  investments were made with cash. 
corporate income tax of 48 percent. 
tax deferral was assumed, with an economic 1 i f e  of 
35 years for  conventional vessels ,  and 15  years for  
a i r  cushion vehicles. 
an af ter - tax  yield on investment o f  10 percent was 
specif ied.  
Only the usual items of vessel operating cost were included in the analysis .  
Specifically excluded were di rect  operating costs  associated with maintenance 
and operati on of the shore faci 1 i t i  es . 
I 11. VESSEL CONCEPTS E V A L U A T E D .  
The vessel types evaluated in the study were: 
conventional monohull displ acement vesse ls ,  
integrated tug-barge combinations ( I T B ) ,  
air-cushion vehicles ( A C V )  , and surface-effect 
ships (SES), 
mu1 t i  -hull ( i  . e .  , catamaran) vessels , and 
hydrofoi 1 c r a f t .  
Investigations of the l a s t  two c o n c e ~ t s  (mu1 t i  hull and hydrofoil c r a f t )  
were dropped ear ly  in the study because of inherent ice-breaking deficien- 
cies  with these types of c r a f t .  Full-year operating capabil i ty was con- 
sidered t o  be an essential  requirement. 
Figure 1 shows the comparative profi les  of the f ina l  vessel designs tha t  
were given de f in i t ive  evaluation. 
A. Highway Vehicle and Passenger Vessels . 
1 .  Conventional Displacement Ships. 
There were several features common t o  a l l  conventional displacement c r a f t  
regardless of the design: 
day-boat arrangement of passenger accomodation, 
dr i  ve-through arrangement of vehicle spaces, 
sophisticated automation systems f o r  engine-room 
operations , 
act ive  f in  s t ab i l i za t ion ,  
ice t r ans i t ing  capabi l i ty ,  and 
. vessel maneuverabi 1 i  t y .  


Four conven t iona l  displacement designs were considered : 
Design I -- 28.5 kno t  auto/passenger/ t ruck f e r r y ,  s i zed  t o  handle the  en- 
t i r e  s p e c i f i e d  t r a f f i c  volume w i t h  a  s i n g l e  vesse l .  Vessel exceeded 
des i r ed  l e n g t h  maximum, and was no t  eva luated f u r t h e r .  
Design I 1  -- A 26-knot f e r r y  designed f o r  two-ship se r v i ce .  
Design I I S  -- A d e r i v a t i v e  o f  Design 11, bu t  w i t h  reduced speed t o  21 knots .  
Design I I T  -- A s i m p l i f i e d  ve r s i on  o f  Design I I S ,  w i t h  t h e  c o n v e r t i b l e  con- 
f i g u r a t i o n  abandoned f o r  a  s t r a i g h t  s i  ng l  e-deck arrangement. Des i gn was 
o r i e n t e d  toward t r u c k  t r a f f i c .  
Table I summarizes t he  design and ope ra t i ng  a t t r i b u t e s  o f  t h e  f o u r  designs. 
F igure  2 i s  a  t y p i c a l  l a you t  sketch f o r  one of t h e  vessels (Design 11);  a  
midsh ip  s e c t i o n  o f  the  same vessel i s  shown i n  F igure  3. F igure  4 shows . 
t h e  proposed dock and shore t e rm ina l  area, and i n d i c a t e s  how t h e  " d r i v e -  
through" arrangement would work. 
2. A i r  Cushion Vehic les.  
Three conceptual  a i  r - cush ion  veh i c l es  were considered. Two o f  t h e  designs 
represent  s i g n i f i c a n t  advances i n  t h e  p resen t  s i z e  o f  commerci a1 l y  ava i  1  - 
ab le  ACV's and were designed w i t h  s i n g l e  v e h i c l e  s e r v i c e  i n  mind. The 
t h i r d  design i s  based on t he  proposed SRN-4Mk.3, t h e  l e a d i n g  p a r t i c u l a r s  
o f  which a re  a v a i l a b l e  i n  t he  l i t e r a t u r e .  Th is  vessel  was aimed a t  p ro -  
v i d i n g  a two-vehi c l  e  se r v i ce .  
- A se r v i ce  speed of  52 knots was based on SRN-4Mk.3 da ta ,  assuming an aver-  
age sea s t a t e  o f  3-5 f e e t ,  s i g n i f i c a n t  wave h e i g h t ,  cor responding t o  ap- 
p rox imate ly  a  20-knot wind. Under calm c o n d i t i o n s  (5 -kno t  wind, w i t h  
. . s i g n i f i c a n t  wave he igh t  under 2  f e e t ) ,  t h e  v e h i c l e s  would be capable o f  
c r u i s i n g  a t  speeds i n  excess o f  60 kno ts .  Wi th  s i g n i f i c a n t  wave h e i g h t  
i n  t he  neighborhood o f  8 f e e t ,  however, o p e r a t i n g  speeds would be reduced 
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t o  about  40 kno ts .  Genera l ly ,  E n g l i s h  Channel ope ra t i ons ,  based on t h e  
s m a l l e r  SRN-4Mk.1, a r e  s u b j e c t  t o  c a n c e l l a t i o n  under a  mean wind speed o f  
. 30-35 kno ts ,  w i t h  an assoc ia ted  s i g n i f i c a n t  wave h e i g h t  o f  8-10 f e e t .  
There i s  l i t t l e  ques t i on  t h a t  t h e  SRN-4Mk.3, n o t  t o  ment ion  t h e  s t i l l  
1  a r g e r  conceptua l  designs,  would possess s u p e r i o r  o p e r a b i l  i t y .  
From t h e  s t a n d p o i n t  o f ,  t h i s  p r e l i m i n a r y  work, a  345-day o p e r a t i n g  season 
f o r  ACV's appears t o  be a  reasonable assumption. I t  i s  f e l t  t h a t  any 
a d d i t i o n a l  weather  days would be compensated by supposed r e d u c t i o n s  i n  
i c e  de lay  days.  Speed reduc t i ons  i n  i c e  wou ld  r e s u l t ,  n o t  f r o m  inc reased  
r e s i s t a n c e ,  b u t  r a t h e r  f rom o p e r a t i o n a l  c o n s i d e r a t i o n s  : f i r s t ,  t h e  neces- 
s i t y  t o  a v o i d  s k i r t  damage due t o  impact  w i t h  rough o r  broken i c e ;  second, 
t h e  requ i remen t  f o r  increased margins f o r  s l o w i n g  and maneuvering. 
Wi th  rega rd  t o  v e h i c l e  spaces, t h e  s m a l l e r  ACV was a b l e  t o  c a r r y  i t s  f u l l  
c a p a c i t y  o f  automobi les on a  s i n g l e  deck. The l a r g e r  c r a f t ,  Design B, 
i n  o r d e r  t o  o b t a i n  s l i g h t l y  more t h a n  doub le  t h i s  c a p a c i t y  w h i l e  rema in ing  
w i t h i n  c r e d i b l e  o v e r a l l  dimensions and we igh ts ,  was conce ived as a  two- 
deck c o n f i g u r a t i o n .  In bo th  cases, t h e  ma jo r  components i n t e r r u p t i n g  t h e  
v e h i c l e  spaces were the  eng ine compartments and l i f t  f a n  d u c t s .  The 
placement o f  these components tends t o  d i v i d e  t h e  arrangement i n t o  an i n -  
board space f o r  v e h i c l e s  , w i t h  passenger spaces outboard.  Never the less  , 
i t  shou ld  be p o s s i b l e  t o  m a i n t a i n  s t r a i g h t - t h r o u g h  v e h i c l e  1  anes. 
Passenger accomodations a r e  r e s t r i c t e d  t o  f u l l y  enc losed spaces, p o r t  and 
s ta rboard ,  w i t h  a  s i n g l e  deck on t h e  s m a l l e r  vesse l ,  and two decks on t h e  
l a r g e r .  These spaces a r e  e n v i s i o n e d  as f u l l  l e n g t h  passenger lounges,  
f i t t e d  w i t h  a i r c r a f t - t y p e  r e c l i n i n g  sea ts .  A  1  i m i t e d  amount o f  c l e a r  deck 
space i s  a v a i l a b l e ,  b u t  i n  genera l ,  passengers would p r o b a b l y  spend t h e  
m a j o r i t y  o f  t h e  t r a n s i t  t i m e  i n  t h e i r  s e a t s .  
General arrangement sketches o f  t h e  two ACV's, des igns B and C ,  a r e  shown 
i n  F igu re  5. 

Table 2 summarizes the design and operating part iculars fo r  those ACV con- 
cepts that  were evaluqted. 
3. Comparison of Performance. 
Table 3 compares the economic performance of three di f ferent  concepts &-be- - 
economic performance of three di f ferent  concepts over a typical route,  with 
two ships operating in each service. This comparison, and other factors 
described ear l  i e r ,  reveals the following advantages and disadvantages of 
conventional vessels and a i r  cushion vehicles: 
Characterist ic  
vehicle t r an s i t  time 
schedule convenience and 
frequency of service 
re1 iabi 1 i  ty of service 
passenger comfort 
at tract iveness and convenience of 
passenger space 
price of service (required f a r e )  
f lexibi l  i t y  of cargo 
f l ex ib i l i t y  of routing 
cost of shore f a c i l i t i e s  
fuel economics 
novelty and intangible appeal 
Superiority 
A C V  






A C V  
A C V  
1 ow-speed conventional 
A C V  
Clearly, the above l i s t  of character is t ics  should not be interpereted as 
a basis for  selecting the superior concept, nor can the resu l t s  shown in 
Table 3 be so construed. The f ac t  i s  t ha t  air-cushion vehicles and con- 
ventional types can be applied with advantages depending on the nature of 
the market. Any attempt to  discriminate between the two concepts, in the 
hopes of determining the overall superior type, would be premature a t  th i s  
. stage. 
I t  i s  f e l t  tha t  further market analysis i s  e ssen t ia l .  In the interim, i t  
TABLE 2. DESIGN AND OPERATING PARTICULARS 
THREE AIR CUSHION VEHICLES FOR LAKE MICHIGAN FERRIES 
DESIGN ATTRIBUTES 
DESIGN "A" DESIGN "B"  DESIGN " C "  
Dimensions ( f t .  ) 
l e n g t h  
b r e a d t h  
cush ion  h e i g h t  
C a p a c i t i e s  
au tos  
passengers 
Es t ima ted  Weight  ( l o n g t o n s )  
pay1 oad 
maximum gross  w e i g h t  
Speed ( k n o t s )  
OPERATING COSTS 
Es t ima ted  Purchase P r i c e  
( $  m i l l i o n )  u a~ 
L 
Annual C a p i t a l  Recovery -0 a~
.f- 
Average Annual O p e r a t i n g  Costs V, s
0 
( 4  round t r i p s l d a y )  ( $  m i l l  i o n )  
C, 
T o t a l  Average Annual Costs o s
Required Passenger Fares ( $ )  
passenger 
a u t o  
T A B L E  3 .  Comprat ive economic perf omance of hi&my-vehicle and passenger 
f e w  concepts. T r a n s i t  dis tance:  60 s t a t u t e  m e s .  Nominal operat ing 
- .  . 
day l imi t a t ions :  13. hours. A l l  services: twc-ships. 
Vessel  type Hidl 
Speed 
Conv. 





Vehicle - .. 
B - Design 
Serv ice  speed (knots) 
Serv ice  speed ( m p h )  
Operating days per year  




Required f a re s :  
Passenger 
Aut crnobi l e  
Truck 
Serv ice  frequency: 
Sa i l i ngs  per day (each way) 
Tine between s a i l i n g s  (hr )  
F i r s t  d a i l y  departure 
Last  d a i l y  a r r i v a l  
Vehicle t r a n s i t  t ime (h r )  
can be conc luded  t h a t  va r ious  techno log ies  e x i s t ,  each o f  wh ich  o f f e r s  
some p r o m i s i n g  s o l u t i o n s  t o  t h e  problem o f  e s t a b l  i s h i n g  and m a i n t a i n i n g  
an a t t r a c t i v e  and c o m p e t i t i v e  c r o s s - l a k e  passenger and v e h i c l e  f e r r y  s e r -  
v i c e .  
B.  R a i l  S e r v i c e .  
Two o p e r a t i n g  systems were designed t o  se rve  t h e  c r o s s - l a k e  r a i l  l i n k :  
one based on a  s i n g l e  conven t iona l  vesse l ,  t h e  o t h e r  based on a  barge- 
swapping arrangement i n c l u d i n g  t h r e e  barges and a  s i n g l e  t u g .  A  summary 
o f  t h e  d e s i g n  and o p e r a t i n g  p a r t i c u l a r s  i s  found i n  Tab le  4. 
The f a s t e r  t u rna round  o f  t h e  tug -ba rge  system p e r m i t s  a  s i g n i f i c a n t  i n -  
c rease i n  t r a n s i t s  p e r  day, t h e r e f o r e  a l l o w i n g  a  s m a l l e r  vesse l  t o  se rve  
t h e  same s p e c i f i e d  t r a f f i c  volume. I n  a d d i t i o n ,  t h e  swap-barge c a p a b i l i t y  
p e r m i t s  a  s i n g l e  yard-crew s h i f t  t o  un load  and l o a d  a  w a i t i n g  barge. The 
t u g ,  on i t s  n e x t  r e t u r n ,  c o u l d  t h e n  coup le  up t o  t h i s  loaded barge,  and 
l e a v e  a  l oaded  barge t o  a w a i t  t h e  n e x t  m o r n i n g ' s  y a r d  s h i f t .  By compar ison,  
t h e  c o n v e n t i o n a l  s h i p  must have a  y a r d  crew i n  a t tendance  i f  i t  i s  t o  
t u r n  around a t  a l l ,  a t  l e a s t  under t h e  p r e s e n t  l a b o r  se tup .  
General arrangements and p r o f i l e s  o f  t h e  c o n v e n t i o n a l  r a i l  f e r r i e s  a r e  
shown i n  F i g u r e  6. As p r e s e n t l y  conce ived,  t h e  v e s s e l s  wou ld  be f u l l y  
covered, 6 - r a i l  arrangement, and would un load  and l o a d  t h r o u g h  t h e  bows. 
(The I T B ,  o b v i o u s l y ,  must un load t h r o u g h  t h e  bow, i f  t h e  t u g  i s  t o  un- 
coup1 e  eas i l y  . ) 
The conven t iona l  vesse l  i s  b a r g e - l i  ke i n  fo rm,  w i t h  eng ines  a f t  and b r i d g e  
' r 
forward. S ing le -sc rew d i e s e l  power was s e l e c t e d  w i t h o u t  a  d e t a i l e d  com- 
p a r i s o n  w i t h  steam, Bow and s t e r n  t h r u s t e r s  were f i t t e d ,  i n  an e f f o r t  t o  
reduce p o r t  and maneuver ing de lays  t o  a minimum. 
. . P o r t  maneuvering and dock ing  t imes  were c o n s i d e r e d  t o  be equa l  f o r  b o t h  
a1 t e r n a t i v e s  , e s t i m a t e d  as 20 m inu tes  p e r  c a l l  . (Each barge was f i t t e d  
w i t h  a  new bow t h r u s t e r ,  and i n  comb ina t ion  w i t h  a  t w i n - s c r e w  t u g ,  i t  was 
TABLE 4. DESIGN AND OPERATING PARTICULARS FOR TWO RAIL CAR FERRY DESIGNS. 
Dimensions ( f t .  ) 
o v e r a l l  l e n g t h  
barge beam o r  vesse l '  beam 
f u l l - l o a d  d r a f t  
barge d r a f t  
t u g  d r a f t  
C a p a c i t i e s  
r a i  1 c a r s  
Speed ( k n o t s )  
Costs ( M i  11 i o n s  $)  
f i r s t  u n i t  p r i c e  
second u n i t  p r i c e  
t h i r d  u n i t  p r i c e  
t u g  c o s t  
1 i nkage c o s t  
t o t a l  system 
annual o p e r a t i n g  c o s t s  
annual c a p i  t a 1  r e c o v e r y  c o s t  
t o t a l  average c o s t ,  annual 
Convent iona l  
Vessel 
I n t e g r a t e d  
Tug-Barge 

f e l t  t h a t  t h e  ITB combinat ion  c o u l d  match t h e  m a n e u v e r a b i l i t y  o f  t h e  con- 
v e n t i o n a l  v e s s e l .  An . a d d i t i o n a l  60 minutes o f  p o r t  de lay  p e r  c a l l  was 
- exac ted  f o r  w i r e  ope ra t i ons  o n l y . )  
Ca r -secu r ing  o p e r a t i o n s  were assumed t o  be performed by s h i p ' s  crew, i n  
t h e  case o f  t h e  conven t i ona l  vesse l ,  and by y a r d  crew i n  t h e  case o f  t h e  
ITB system. Loading and u n l o a d i n g  de lays  were es t ima ted  a t  90 minutes  f o r  
t h e  conven t i ona l  vessel  , perhaps u n j u s t l y  long,  b u t  assuming a  s i n g l e  
s w i t c h i n g  l o c o m o t i v e  assigned.  (The d e l a y  m igh t  be c u t  i n  h a l f  by ass ign -  
i n g  t w i c e  t h e  l ocomot i ve  and man-power, b u t  t h e  economics o f  t h i s  d e c i s i o n  
w i l l  n o t  be cons idered w i t h o u t  f u r t h e r  da ta . )  The I T B  comb ina t i on  was n o t  
d e l  ayed by cargo-hand1 i n g  o p e r a t i o n s ,  a p a r t  f rom t h e  barge-swapping t i m e  
ment ioned p r e v i o u s l y .  
An economic comparison o f  t h e  two systems w i t h  t h e  M.S.  V i k i n g  i s  shown i n  
Tab le  5. T h i s  t a b l e  shows t h a t  t h e r e  would be some d i f f e r e n c e s  i n  t h e  
o p e r a t i n g  c o s t s .  The ITB, e s p e c i a l l y ,  shows d e f i n i t e  p romise o f  h a v i n g  
o p e r a t i n g  e f f i c i e n c i e s  t h a t  w i l l  p e r m i t  c o s t  sav ings .  These d a t a  a r e  
i n i t i a l  es t ima tes ,  however, and i t  i s  p robab le  t h a t  w i t h  more d e f i n i t i v e  











































IV. CONCLUSIONS A N D  RECOMMENDATIONS. 
- A. Conclusions. 
Early analyses indicated that  i f  ferry service i s  separated, there are a l -  
ternative designs that  would be a t t r ac t ive  options. 
I n  a ferry service designed t o  handle only passengers and passenger vehicles, 
the a i r  cushion vehicle has unusual potential .  The ACV i s  a high speed sys- 
tem, capable of making a lake crossing in less than one hour. Additionally, 
i t  only needs a ramp a t  i t s  port terminals, making i t  feas ible  t o  operate 
without res t r i c t ion  into any port f a c i l i t y  on the lake. Such an a t t r ibu te  
would make i t  possible t o  respond, a t  wi l l ,  t o  almost any cross-lake t r an s i t  
need. And, f i na l l y ,  the fare  requirements for  t h i s  type of service i s  com- 
pet i t ive  with that  presently being charged. 
A two-ship, moderate-speed (21 - k n o t )  conventional design ferry  a1 so would 
have several a t t r ac t ive  features.  F i r s t ,  the required fare  ra tes  would 
be significantly under those currently being charged. As was shown in 
Table 1 ,  the necessary fares would be: 
passengers $4.25 
automobi 1 e 12.75 
truck 44 .62  
And, importantly, the time-between-sail ings would be only 3% hours, which 
i s  a major reduction from that  currently exist ing.  
. C 
There would also be merit in a design especially tai lored fo r  truck t r a i l e r s .  
The integrated tug-barge i s  one poss ibl i ty ,  and the economics are such tha t  
t r a i l e r s  could be moved a t  a ra te  which i s  s ignif icant ly  l e ss  than around- 
the-lake costs. The conventional ship design would also be a t t r ac t ive  i f  
i t  i s  n o t  appropriate to  ship only the t r a i l e r s ,  o r  i f  the demand i s  such 
that  truck t r a i l e r s  could not be accommodated in combination with passenger 
vehicles. 
-25- 
The most a t t r a c t i v e  a l t e r n a t i v e  des ign f o r  a  r a i l  c a r  f e r r y  s e r v i c e  i s  t h e  
ITB. The system, on f i r s t  a n a l y s i s ,  appears t o  o f f e r  economies o v e r  t h e  
p r e s e n t  s e r v i c e  i f  c a r  movements o f  about 45,00O/year can be ma in ta ined .  
The break-even p o i n t  a g a i n s t  t h e  e x i s t i n g  system would o c c u r  a t  about  
37,000 c a r  movements p e r  yea r .  
I n  any e v a l u a t i o n  o f  r a i l  c a r  f e r r y  economics, i t  shou ld  be remembered t h a t  
i n s t i t u t i o n a l  f a c t o r s  a r e  t h e  ma jo r  de te rm inan ts  o f  p r o f i t a b i l i t y .  The 
volume of c a r  movements, f o r  example, i s  more d i r e c t l y  r e l a t e d  t o  i n t e r n a l  
r a i  1  road  management p r a c t i c e s  t h a n  t o  c o s t s  o f  f e r r y  o p e r a t i o n .  
B. Recommends t i ons . 
The s tudy  recommendations a r e  d i v i d e d  i n t o  t h r e e  genera l  c a t e g o r i e s :  
(1  ) development o f  more d e f i n i t i v e  s h i p  d e s i g n  concepts  and c o s t s ,  
( 2 )  market  demand analyses,  and ( 3 )  ana lyses o f  o r g a n i z a t i o n a l  concepts 
a p p r o p r i a t e  t o  expanded f e r r y  s e r v i c e .  
1. Development o f  More D e f i n i t i v e  Sh ip  Des igns.  
Four des igns ,  e s p e c i a l l y ,  m e r i t  more d e f i n i t i v e  a n a l y s i s  f o r  f u r t h e r  r e -  
f i nemen t  o f  c o s t s  and performance.  They a r e :  
26-knot  c o n v e n t i o n a l  vesse l  (Des ign  11) 
21 - k n o t  c o n v e n t i o n a l  vesse l  (Des ign  I I S )  
a i r  c u s h i o n  v e h i c l e  (Des ign C )  
i n t e g r a t e d  tug-barge 
. . I n c l u d e d  i n  t h e  above ana lyses shou ld  be d e f i n i t i v e  e v a l u a t i o n s  o f  p o r t  
f a c i l i t y  m o d i f i c a t i o n  c o s t s  and o p e r a t i n g  c o s t s .  
2. Market  Demand A n a l y s i s .  
There shou ld  be a  market  demand a n a l y s i s  under taken  t o  c o n f i r m  t h e  e x t e n t  
o f  market  p o t e n t i a l  f o r  f e r r y  s e r v i c e s  ac ross  Lake M ich igan .  T h i s  a n a l y s i s  
shou ld  i n d i c a t e  marke t  needs f o r  each o f  t h e  segments (e .g . ,  passenger,  
t r u c k ,  r a i l  e t c .  ) and t h e  demand/cost e l a s t i c i t y ,  I r z l a t i o n s h i p s  f o r  each segment. 
I n  t h e  segment a n a l y s i s ,  i t  would be b e n e f i c i a l  i f  i t  were p o s s i b l e  t o  
d i f f e r e n t i a t e  between t r u c k - t r a i  l e r  combinat ions ,  and t r a i l e r s  o n l y .  
3 .  A n a l y s i s  o f  Organ iza t i ona l  Concepts. 
It i s  b e l i e v e d  a p p r o p r i a t e  t h a t  i n v e s t i g a t i o n s  be i n i t i a t e d  t h a t  w i l l  e v a l -  
u a t e  b e n e f i t s  (and c o s t s )  t o  t h e  S t a t e  r e s u l t i n g  f rom v a r i o u s  o r g a n i z a t i o n a l  
fijrms o f  an expanded f e r r y  s e r v i c e .  I nc luded  i n  t h i s  a n a l y s i s  w i l l  be 
f a c t o r s  o f  ownersh ip ,  sources o f  c a p i t a l  , and manaaement s t r u c t u r e .  The 
a n a l y s i s  shou ld  be s u f f i c i e n t l y  d e t a i l e d  t o  p r o v i d e  guidance f o r  any t y p e  
o f  expanded f e r r y  s e r v i c e  recommended. 

